The Artificial Accommodation System is a lens implant that shall restore the accommodation ability of the eye. This complex mechatronic micro system has to be encapsulated by a transparent hermetic package that also permits electromagnetic transfer of energy and data. Moreover, the production process of the package must not apply thermal stress to the internal components. This paper introduces an approach to build a glass package consisting of two glass parts manufactured by ultrasonic grinding. In order to join both parts, Solderjet Bumping is used. During this laser-based process single bumps of metal solder can be placed in order to connect the assembly parts. The hermeticity of the thereby produced glass packages is tested using helium leak tests. Furthermore, the influence of the metal ring on the power transfer efficiency is measured.
Introduction
The Artificial Accommodation System is a mechatronic lens implant that will restore the ability of the human eye to accommodate to different focal lengths [1] , [2] , [3] . This ability gets lost due to aging processes. Starting at the age of 45 to 50 most people need glasses for reading. They suffer from presbyopia. Another age-related disease is cataract, the opacification of the lens. Cataract is treated by replacing the opaque natural lens with an artificial intraocular lens [4] . In contrast to existing implants the Artificial Accommodation System shall not only restore the transparency of the lens but also allow to focus on various distances again. The fully integrated autonomous mechatronic micro system shall be implanted into the lens's capsular bag with the help of standard implantation techniques known from cataract surgery. Therefore, the implant including several subsystems has to fit into the limited volume left by the natural lens (Image 1). One subsystem is the active optical element that consists of a lens system and an actuator to vary the refractive power of this lens system. Therefore, the displacement of one of the lens components can be used [5] . The diameter of the transparent optical area is 5 mm. The electronic components are placed in the ring-shaped volume around the optical ele ment. A sensor system will acquire the accommodative demand [6] , [7] .
Image 1 Position of the Artificial Accommodation System.
Furthermore, a control unit, a power supply system and a system for the communication between the implants of both eyes as well as with the ophthalmologist are integrated. The energy will be supplied using inductive coupling [8] and will be stored in a battery so that autonomous operation is possible for at least 24 hours. The dynamics of the system are derived from the time used by the natural lens to accommodate. The intended lifetime of the system is 30 years. The latter is a special challenge for the encapsulation, since the intrusion of surrounding body fluids must be hindered in order to prevent internal corrosion and consequential failure. There are different approaches for the encapsulation of the system [9] . The favourite one is a glass package. Due to the hermeticity of glass, the optical element can be operated in a gas-filled cavity. Furthermore, glass is transparent and biocompatible. The joining process has to produce hermetic packages and not damage the internal components that are sensitive to temperature. Using Solderjet Bumping, hermetic joints for endoscopes have already been successfully manufactured [10] . Since the energy for this soldering process is introduced locally, low thermal stress is applied to the internal components. Therefore, the process is a promising technique to join the packages of the Artificial Accommodation System.
Methods

Solderjet Bumping
Solderjet Bumping is a laser-based soldering process that allows for jetting and placing of liquid solder droplets even to complex 3D geometries. Various alloys like lead-free tin alloys, low melting indium-tin, or eutectic gold-tin can be used. Thereby, sphere volumes in the range between 0.27 nl to 230 nl with respective diameters of 80 µm to 760 µm can be processed. These spheres of solid solder are singularized and fed to a placement capillary. After the po-sitioning of the capillary next to the assembly components the solder sphere is heated and molten by a laser pulse of a fibre-coupled laser. The liquid droplet is then jetted out of the capillary by a nitrogen flow. This process allows for flux-free soldering preventing both contamination and subsequent corrosion of the metallic solder. Due to the localized and contact-free application of thermal energy lowstress joining of fragile materials with a high positioning accuracy is possible. Non-metal materials such as optical glasses or ceramics however require a wettable metallization. A sputtered three layer system of titanium, platinum and a gold finish layer provide reliable adherence and the non-oxidizing surface necessary for flux-free processing.
Other metallization techniques such as screen printing or additive technologies like ink-jet printing can also be used. Examples of the use of Solderjet Bumping include the high precision fixation of optical components such as lenses, laser resonator mirrors, single mode and polarization maintaining fibers [10] , [11] . A positioning accuracy of around 3 µm can be reached when using only material fit joints. This can be optimized to about 500 nm with the help of additional mechanical stops. Metal-based joints offer higher mechanical strength as well as a better resistance to radiation like UV and environmental stresses, e.g. humidity and temperature, than polymeric adhesives. Miniaturization of the joints and respectively of the components and assemblies is possible due to the metallic continuity established at the interface between solder and surface. Metallic solder alloys provide multi-functional joints for mechanical fixation as well as electrical and thermal contacting. The polymer free hermetic sealing of an endoscopic tip using subsequently placed solder droplets has already been demonstrated. Helium leakage rates of down to 4·10 -9 atm cm 3 /s have been achieved even after autoclave cycling at 134°C and 2.1 bar vapour pressure [12] .
Production of the package
The sample geometry to demonstrate the joining of the thin-walled glass package of the Artificial Accommodation System is an ultrasonically machined [13] cylindrical borofloat pot closed by a circular window cap. Thereby, the diameter of the cap is smaller than the package diameter in order to create an L-shaped groove for the placement of the solder bumps (Image 2). In spite of extra precaution Image 2 Schematic of Solderjet Bumping of a glass package.
during manufacturing, shell-shaped cracks appear at the edges of the glass parts due to the ultrasonic grinding. In order to exclude the influence of these cracks on the hermeticity, a second charge of packages with broader wall thicknesses is manufactured. In table 1 the geometry of the produced packages is listed. A circumferential solderable metallization on both glass parts is provided by Physical Vapour Deposition (PVD) of the three layer system, consisting of Ti, Pt and Au. Solderjet Bumping is conducted using Sn99.3Cu0.7 and biocompatible eutectic Au80Sn20 solder alloys. A solder sphere diameter of 100 µm is jetted with a free flight distance of 300 µm. A parametric variation of laser pulse energy -defined by pulse duration and laser current -is conducted in the range of 2400 mA to 4600 mA and 0.7 ms to 1 ms. The respective laser pulse energies range from 4.8 mJ to 11.1 mJ. Below 8 mJ a very poor wetting of the solder is observed. Increased thermal energy of the solder droplets by a higher laser pulse energy improves wetting. Superior wetting is observed at 10 mJ. A further increase may induce cracks to the brittle glass due to thermo-mechanical stresses. During the production process, the covering glass windows are fixed concentrically to the pod using three bumps that are applied in vertical direction (Image 3 top left). Afterwards, the package is tilted (Image 3 top right) and rotated after the application of each bump in order to produce the seam of solder bumps. The rotation is automated for the second charge of packages. In Image 3 bottom the resulting soldered seam is shown. 
Helium Leakage Tests
In order to test the leak tightness of the packages helium leakage tests according to MIL-STD-883G [14] are used. These tests are already specified to be used for testing of certain active implants in DIN EN 45502-2-3 [15] . The leak tightness is defined by a maximum leak rate of air that depends on the internal volume. For the package volume considered here, this maximum is 10 -7 atm cm 3 /s. The tracer gas helium is inserted into the package with the "bumping process", during which the packages are exposed to a helium atmosphere under elevated pressure. Afterwards, the helium atoms leaving the package can be measured under vacuum using a leakage tester. Since the test method with "flexible parameters" is used [14] , the allowed helium leakage rate varies slightly around 3·10 -8 atm cm 3 /s. Due to a lack of stability of the covering glass window in vacuum observed during the leakage tests, additional arrangements are necessary. In order to compensate the forces that result from the difference of internal and external pressure, a corresponding weight is placed on top of the package during the leakage tests.
Inductive Transmission
In order to transmit power to the Artificial Accommodation System inductively [16] the absorption of energy in the package should be minimal. To measure the influence of the soldered package on the transmission, the package is added to an existing test bench for inductive energy transfer [17] . Like the package, the coils for the transmission and reception of power are of target dimension. The primary coil will later be integrated into "glasses" for charging. The secondary coil will be placed inside the implant. For the test setup the distance between the solder ring of the package and the secondary coil can be varied. The distance between primary and secondary coil is kept constant. The setup is shown in Image 4.
Results
Helium Leakage Tests
The results of the Helium leakage tests show that hermetic glass packages could not yet be manufactured using the described process of Solderjet Bumping. Even for the best package in charge 2 the allowed leakage rate is exceeded by factor 7.5.
Inductive Transmission
The internal resistance of the closed ring of solder is measured to be 0.3 Ω. Therefore, the influence of the Image 4 Test bench for inductive energy transfer, used to measure influence of soldered package on transfer efficiency.
package on the energy transmission is high. In Image 5the measurement results for inductive power supply are visualized. The power transferred into the secondary coil is determined for different distances of the package to the secondary coil. The energy of 85 mW transferred during reference measurements without package between primary and secondary coil is used as a reference of 100 %.
The measurement results show, that for the distances of interest, that is ≤ 3.35 mm, the bigger part of the energy is absorbed by the package and not transferred into the secondary coil.
Image 5 Measurement results of the power transferred into the secondary coil as a function of the distance between the soldered package and the secondary coil.
Conclusion
Using Solderjet Bumping, mechanically stable packages with a closed ring of solder were produced. However, the anticipated hermeticity could not be achieved, yet. The lack of stability of the covering window in vacuum suggests the introduction of thermal stress during the joining process that should be further reduced. The absorption of inductively transferred energy reduces the efficiency of the power transmission and can lead to a temperature rise of the implant. Thus, the currently tested process must be modified in order to be used for the joining of the Artificial Accommodation System.
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